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SUMMARY AND CONCLUSION 0 
This  r e p o r t  covers t h e  f i r s t  phase of design of a high e f f i c i e n c y  
DC t o  DC Converter wi th  59 wa t t s  ou tput  from four  r egu la t ed  i so-  

l a t e d  and s h o r t  c i r c u i t  p ro t ec t ed  outputs .  E f f i c i ency  goa l s  a r e :  

1. 85% e f f i c i e n c y  a t  f u l l  load (59 w a t t s )  f o r  a l l  input  l i n e  

vo l t ages  from 1 2  t o  20 v o l t s .  
2.  80% e f f i c i e n c y  a t  minimum load  ( 1 2  w a t t s )  f o r  a l l  input  v o l t -  

ages  from 1 2  t o  20 v o l t s .  

Other design goa ls  pose no d i f f i c u l t  problems and a r e  a t t a i n a b l e .  

Chief o b s t a c l e s  t o  achieving high e f f i c i e n c y  a re  a s s o c i a t e d  with 

t r a n s i s t o r  charge s t o r a g e  and diode loss i n  ou tput  r e c t i f i c a t i o n  

c i r c u i t s .  

A t  t h i s  t i m e ,  it appea r s " the  des i r ed  high l i n e  e f f i c i e n c y  w i l l  be 

achieved with l i t t l e  d i f f i c u l t y .  E f f i c i e n c i e s  under o t h e r  condi- 

t i o n s  w i l l  be close t o  the design goal .  It i s  a n t i c i p a t e d  t h a t  

t r a n s i s t o r  loss  can be maintained s a t i s f a c t o r i l y  l o w  wi th  r e c e n t l y  

developed t r a n s i s t o r s  and optimum c i r c u i t r y .  Reduction i n  diode 
0 

loss  is be ing  sought through f a s t  recovery diodes or t r a n s i s t o r s  

used a s  synchronous r e c t i f i e r s .  No completely s a t i s f a c t o r y  solu-  

t i o n  has  been  found and t h i s  remains a major problem. 

Breadboard tests have v e r i f i e d  c i r c u i t  ope ra t ion  where t h i s  w a s  
cons idered  des i r eab le .  
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I. INTRODUCTION This r epor t  descr ibes  t h e  f i r s t  q u a r t e r l y  

pe r iod  of e f f o r t  t o  develop a DC-DC Converter of very higfi 

e f f i c i e n c y .  The converter  is t o  be  powered from a so la r -  

c e l l - b a t t e r y  combination power source.  High e f f i c i e n c y  and 

r e l i a b i l i t y  are prime goals  of t h e  study. The conver te r  has  
f o u r  i s o l a t e d  outputs  with ind iv idua l  s h o r t - c i r c u i t  p ro t ec t -  

i o n  on each output.  Each output m u s t  m e e t  r egu la t ion ,  r i p p l e ,  

and dynamic impedance requirements t h a t  n e c e s s i t a t e  s epa ra t e  

r egu la t ion  i n  each output .  It is des i r ed  t o  a t t a i n  t h e  h ighes t  

e f f i c i e n c y  a t  maximum input vol tage.  The work performed during 
t h e  per iod  covered of t h i s  r epor t  cons i s t ed  of a study of over- 
all "block diagram" approaches, t h e  cons t ruc t ion  of an o s c i l l a -  

t o r  and p u l s e  width regula tor  s e c t i o n s ,  and an ex tens ive  search 
t o  f i n d  a t r a n s i s t o r  s u i t a b l e  f o r  u s e  a s  a synchronous rect i -  

f i e r .  

I) 

11. DISCUSSION 

A. Overal l  Approach: The f i r s t  phase of t h e  e f f o r t  cons i s t -  

ed of a t h e o r e t i c a l  evaluat ion of t h e  p o s s i b l e  o v e r a l l  approaches 

t o  t h e  design. Each approach was eva lua ted  with r e spec t  t o  t h e  

var ious requirements of the design s p e c i f i c a t i o n .  The des i r ed  

high r e l i a b i l i t y  d i c t a t e d  t h a t  t h e  complexity of t h e  c i r c u i t  be 
kept  a t  a m i n i m u m .  With t h i s  i n  mind, t h e  o t h e r  e l e c t r i c a l  re- 
quirements t h a t  w e r e  most s i g n i f i c a n t  i n  determining t h e  design 

approach w e r e  t h e  s p e c i f i e d  m i n i m u m  load and t h e  requi red  maxi- 

m u m  e f f i c i e n c y  a t  maximum input  vol tage.  

Block diagrams of f i v e  design approaches t h a t  w e r e  considered 
are a s  shown i n  Figures  1 through 5. A discuss ion  of each 

approach 1 through 5 corresponds t o  Figures  1 through 5. 

1. This approach u s e s  a pu lse  width regulator t o  supply a regu- 

l a t e d  vol tage  t o  a Trans is tor  Sa turable  Reactor O s c i l l a t o r .  

The input  vo l tage  t o  t h e  o s c i l l a t o r  would be c o n t r o l l e d  t o  

about F 3 %  over t h e  input vo l tage  range of 1 2  t o  20 v o l t s .  Af te r  
r e c t i f i c a t i o n ,  t h e  output of t h e  o s c i l l a t o r  i s  f ed  through a 
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Series r egu la to r  supplying t h e  u n i t  outputs .  Load c u r r e n t  
sensing f o r  overload p ro tec t ion  is accomplished by means of 

a c u r r e n t  transformer i n  the  secondary winding of t h e  power 
t ransformer i n  t h e  o s c i l l a t o r .  Since i s o l a t i o n  is  requi red  

between each of t h e  u n i t  outputs ,  a sepa ra t e  series regula-  

t o r  and c u r r e n t  s e n s e  transformer are requi red  for each of  

the four outputs .  The series regu la to r  is  requi red  t o  m e e t  
t h e  r egu la t ion  and dynamic response s p e c i f i c a t i o n .  This 

approach was f e l t  t o  be undesirable.  The e f f i c i e n c y  would 

be l o w e s t  a t  high input  voltage.  Since t h e  p u l s e  width 

r e g u l a t o r  cannot supply a h igher  vol tage  than its input  

vo l tage ,  t h e  o s c i l l a t o r  would have t o  be designed f o r  an  
input  vo l tage  of about one-half v o l t  less than t h e  m i n i m u m  
l i n e  input  vo l tage  o r  approximately 11.5 v o l t s .  A pu l se  width 

r e g u l a t o r  u s e s  a "commutating" or " f r e e  wheeling" diode t o  

allow t h e  choke to discharge i n t o  t h e  load  when t h e  series 
switch is opened. See c i r c u i t  diagram included i n  Figure 1. 
The percentage of time t h a t  t h i s  diode is conducting is approx- 

imately equal  t o  one minus t h e  output  vo l tage  of t h e  r egu la to r  

divided by t h e  input  vol tage t o  t h e  r egu la to r .  During t h i s  

p e r i o d  of diode conduction, t h e  power being f ed  t o  t h e  o s c i l l -  

a t o r  is  coming from a source whose vol tage  is  equal  t o  t h e  

input  vol tage of t h e  o s c i l l a t o r  p l u s  t h e  diode drop, i . e . ,  t h e  
drop ac ross  t h e  choke. This drop would be 12.5 v o l t s  (assuming 

a 1 v o l t  diode drop) i n  t h i s  case.  The l o s s  i n  t h e  diode would 
be 1/12.5 o r  8%. A t  high l i n e ,  t h e  diode would be conducting 

1- - = 1- .575= 42.5% of t h e  t h e .  A t  h igh l i n e  f o r  42.5% 

of t h e  time, t h e r e  would be a loss of 8% due t o  t h e  r e g u l a t o r  

commutating diode alone. Other c i r c u i t  losses would a l s o  be 

maximized by t h i s  approach. 

h i b i t s  approximately a l i n e a r  s a t u r a t i o n  r e s i s t a n c e  a s  a func- 

t i o n  of c o l l e c t o r  cu r ren t ,  t h e  l o s s e s  i n  t h e  c o l l e c t o r  c i r c u i t  
o f  t h e  o s c i l l a t o r  switching t r a n s i s t o r s  a r e  e s s e n t i a l l y  Ic2Rsat. 

The input  vo l tage  t i m e s  input c u r r e n t  t o  t h e  o s c i l l a t o r  

11.5 
20 

Since a s a t u r a t e d  t r a n s i s t o r  ex- 
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m u s t  equal t h e  output  power divided by t h e  e f f i c i e n c y .  The 

lower t h e  input  vo l tage  t o  t h e  o s c i l l a t o r ,  t h e  h igher  w i l l  

be t h e  switching t r a n s i s t o r  c o l l e c t o r  c u r r e n t .  As t h e  
c o l l e c t o r  c i r c u i t  l o s s e s  a r e  propor t iona l  t o  IC2, 

be q u i t e  s i g n i f i c a n t .  This approach has  t h e  o s c i l l a t o r  

running a t  a lower input  vo l tage  and, hence,a l a r g e r  input  

c u r r e n t  f o r  a given load than an o s c i l l a t o r  running d i r e c t l y  

from t h e  input  source.  With t h e  switching t r a n s i s t o r s  oper- 

a t i n g  a t  higher  c u r r e n t s ,  a d d i t i o n a l  base d r ive  would be re- 
quired.  

o s c i l l a t o r  working a t  higher  input  vol tage and lower c u r r e n t .  
However, t h e  base l o s s e s  would probably not  b e  any l a r g e r  than 
most o the r  vo l tage  d r i v e  approaches. 

t h i s  can 

Base c i r c u i t  l o s ses  would a l s o  be h igher  t h a n  an 

Since high e f f i c i e n c y  is  des i r ed  a t  high l i n e ,  approach 1 was 

considered t o  be undersirable .  Also, s i n c e  t h e  base d r i v e  i s  

no t  a func t ion  of input  cu r ren t ,  e f f i c i e n c y  would be very low 

a t  l i g h t  load and high input vol tage.  It was doubtful  whether 
85% e f f i c i e n c y  could have been obtained under any combination 

of input  vo l tage  and load wi th  t h i s  c i r c u i t .  

This approach u s e s  a small power r egu la to r - sa tu rab le  r e a c t o r  

o s c i l l a t o r  t o  feed base dr ive  t o  t h e  main power s t age .  The 

output  vo l tage  of t h e  power s t age  follows t h e  input  vol tage.  

Subsequent t o  r e c t i f i c a t i o n  from t h e  power s t a g e ,  a pu l se  
width r egu la to r  feeds  a coarse regula ted  vol tage  t o  t h e  out- 

p u t  series regu la to r .  I n  t h i s  approach, a s epa ra t e  r egu la to r -  

o s c i l l a t o r  mus t  be used fo r  base dr ive .  This is  necessary due 

t o  t h e  vol tage  feed back used t o  d r i v e  t h e  base of t h e  switch- 

ing  t r a n s i s t o r s .  The power consumed t o  do t h i s  is approximately 

% /rb;where % i s  the  t o t a l  vo l tage  being fed back t o  t h e  

base-emmitter c i r c u i t  and  rb is t h e  base r e s i s t o r  used f o r  base- 
c u r r e n t  temperature s t a b i l i z a t i o n .  Without a s e p a r a t e  r e g u l a t o r ,  
t h e  c i r c u i t  would have t o  b e  designed t o  g ive  s u f f i c i e n t  \ and 

hence % f o r  an input  vol tage of 1 2  v o l t s .  

2 

A t  20 v o l t s  

- 5 -  



Eb would be 12 2o 
power d i s s i p a t e d  i n  t h e  base c i r c u i t  would be (%I2 

t i m e s  i t s  requi red  minimum l e v e l  and t h e  
times 

a s  l a r g e  a s  a t  l o w  l i n e .  I n  addi t ion ,  t h i s  design m u s t  a l s o  
provide enough base dr ive  t o  supply f u l l  load  a t  minimum i n -  
pu t  vol tage,  so t h a t  t h e  base d r ive  c u r r e n t  and hence base 
c i r c u i t  losses a r e  t h e  same a s  i n  approach 1. The s m a l l  
a d d i t i o n a l  power consumed i n  the base d r ive  o s c i l l a t o r  and 
r egu la to r  a c t u a l l y  cause  t h i s  approach t o  consume s l i g h t l y  
m o r e  power i n  base  d r ive  than approach 1. The p u l s e  width 
r egu la to r  preceding t h e  series r egu la to r  a s  i n  approach 1 
gives  minimum e f f i c i e n c y  a t  high l i n e .  The commutating diode 
does n o t  cause such a high percentage loss i n  t h e  50 and 20 
v o l t  outputs :  b u t  i n  the two 1 2  v o l t  ou tputs  t h e  diode causes 
t h e  same percentage l o s s  a s  i n  approach 1. However, i n  t h i s  
approach, s l i g h t l y  less than l/2 t h e  t o t a l  power 1s being 
suppl ied  from t h e  1 2  volt outputs  whereas i n  approach 1 a l l  
t h e  power from t h e  u n i t  had to be suppl ied,  a t  1 2  Volts,  from 

a p u l s e  width r egu la to r .  Another drawback t o  t h i s  approach 
is that load c u r r e n t  sensing for s h o r t  c i r c u i t  p r o t e c t i o n  
mus t  b e  accomplished i n  t h e  dc l i n e  s i n c e  t h e  average c u r r e n t  
i n  t h e  secondary of t h e  power transformer is a func t ion  of 
input  vo l tage  a s  w e l l  as load  cu r ren t .  Whereas t h e  drop across  
theprimary of a c u r r e n t  transformer can be as low as O . l v o l t ,  

t h e  drop across  a s e n s e  r e s i s t o r  i n  a dc l i n e  would have t o  

be approximately 0.3 v o l t  t o  opera te  a germanium t r a n s i s t o r  

o r  0.7 v o l t  t o  ope ra t e  a s i l i c o n  t r a n s i s t o r .  A 0.7 v o l t  drop 
1 

or 5 . 5 %  loss. i n  a 1 2  v o l t  output  would represent  a 12.7 . I  

When t h e s e  f a c t o r s  a r e  a l l  considered, it seems improbable 
t h a t  t h e  e f f i c i e n c y  goals  could be obtained with t h i s  approach. 

Again, a s  i n  approach 1, lowest e f f i c i e n c y  i s  a t  high l i n e .  

Another disadvantage t o  t h i s  approach is i t s  complexity. P re -  

r egu la t ion  f o r  input  vo l tage  v a r i a t i o n  is  r equ i r ed  ahead of 
each series regula tor .  Thus ,  four  pu l se  width r egu la to r s  a r e  

r e q u i r e d .  Each pu l se  width r egu la to r  con ta ins  a comparit ively 

-6- 



3 .  

l a r g e  number of p a r t s .  I n  add i t ion ,  another  r egu la to r  and 

o s c i l l a t o r  a r e  required f o r  base d r ive  power and t h e s e  s t i l l  

do not  provide a base  d r ive  dependent on o v e r a l l  load. 

This approach, then, d i d  not  appear t o  o f f e r  any apparent 

advantage6 with r e spec t  t o  e f f i c i e n c y  and t h e  complexity 

was not  c o n s i s t e n t  wi th  t h e  r e l i a b i l i t y  and o v e r a l l  concept 

of t h e  s p e c i f i c a t i o n .  
I This approach u s e s  a v a r i a b l e  t i m e  delay between two o s c i l l -  

a t o r s  t o  e f f e c t  pre-regulat ion f o r  input  vo l tage  v a r i a t i o n .  

dach o s c i l l a t o r  has  i t s  own power t ransformer co re  and primary 
windings. The secondary windings a r e  wound common t o  both 

cores .  I n  t h i s  way t h e  e f f e c t i v e  output  vo l tages  of each of 
t he  twe sscillatars a r e  added wr sub t r ac t ed  depending on 

whether t h e  two o s c i l l a t o r s  a r e  in-phase o r  out-of-phase. 

The n e t  waveform on t h e  secondary windings is  a q u a s i  square- 

wave. The t w o  o s c i l l a t o r s  a r e  designed i d e n t i c a l l y  so t h a t  

when they are out-of-phase t h e  n e t  secondary vol tage  is  zero.  

When they a r e  in-phase, t he  n e t  secondary vol tage  i s  t w i c e  

w h a t  it would be i f  only one of t h e  o s c i l l a t o r s  w e r e  used. 

The vol tage  is sensed from one of t h e  secondary wine inr j s  and I 

is  u s e d  t o  con t ro l  t h e  t h e  r e l a t i o n s h i p  between t h e  two 

o s c i l l a t o r s  by  means of a s a t u r a b l e  r e a c t o r .  A s  t h e  input  

vo l tage  increases ,  t h e  two o s c i l l a t o r s  become more out-of- 

phase t o  g ive  the  same average output  vo l tage .  Af t e r  r e c t -  

i f i c a t i o n  of t h e  secondary vol tage ,  t h e  waveform is s i m i l a r  

t o  t h a t  of t h e  pulse width r e g u l a t o r  j u s t  be fo re  t h e  inductor .  I 

Thus an L-C f i l t e r ,  wi th  a commutating diode, m u s t  be used 

between t h e  r e c t i f i c a t i o n  diodes and t h e  series r egu la to r .  I 
This gives  minimum e f f i c i e n c y  a t  h igh  l i n e .  Load c u r r e n t  
sens ing  m u s t  again be accomplished i n  t h e  dc output  l i n e .  

Also, a s epa ra t e  r e g u l a t o r - o s c i l l a t o r  is needed f o r  base 

d r ive  s i n c e  t h e  vol tage on t h e  ind iv idua l  windings of each 

t ransformer v a r i e s  with the  input  vo l tage .  C u r r e n t  feed back 

I 
I 

‘ I  
I 

I 
l 
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cannot be  used with t h i s  approach s i n c e ,  during t h e  per iod 

of t i m e  when t h e  two o s c i l l a t o r s  a r e  out-of-phase, no c o l l e c t -  

or c u r r e n t  is  flowing and hence t h e r e  would be  no d r ive  

c u r r e n t  t o  s u s t a i n  o s c i l l a t i o n .  

This approach would o f f e r  good e f f i c i e n c y  a t  low input  vo l t -  

age. However, l o w e r  e f f i c i ency  a t  high input  vo l tage ,  l o s s e s  

due t o  load c u r r e n t  sensing i n  t h e  dc output  buss ,  and t h e  

added complexity f o r  t h e  regula ted  base  d r i v e  made it appear 

t h a t  t h i s  approach was n o t  t h e  optimum one t h a t  could be taken. 

4. This approach u s e s  a pu lse  width r egu la to r  and a second 

o s c i l l a t o r  t o  r egu la t e  t h e  input  vo l tage  t o  t h e  main power 

o s c i l l a t o r .  Unlike approach I, t h i s  method maintains t h e  

input  vo i tage  t o  t h e  main o s c i l l a t o r  a t  a value very iiear 
t h e  upper extreme of t h e  input  vo l tage  range r a t h e r  than a 

value near t h e  l o w e r  extreme of t h e  input  vo l tage  range. This 

minimizes t h e  input  cu r ren t  t o  t h e  master o s c i l l a t o r  and a l s o  

t h e  IC 2Rsat l o s s e s  i n  t h e  switching t r a n s i s t o r s .  

t h e  r e g u l a t o r - o s c i l l a t o r  s e c t i o n  is connected i n  a boost  

c i r c u i t .  It supp l i e s  only t h e  a d d i t i o n a l  vo l tage  and power t o  
t h e  main o s c i l l a t o r  c i r c u i t  t h a t  t h e  l i n e  cannot supply t o  

maintain t h e  input  vol tage t o  t h e  main o s c i l l a t o r  a t  high 

l i n e ,  i .e .  20 v o l t s .  When t h e  input  vo l tage  is a t  high l i n e ,  

no-power is flowing through t h e  r e g u l a t o r - o s c i l l a t o r  boost 

c i r c u i t .  This p a r t  of the  c i r c u i t r y  would be consuming a 

very small  amount of power under these  condi t ions .  As t h e  

input  vo l tage  decreases , the  output  vo l tage  from t h e  regula tor -  

o s c i l l a t o r  would increase maintaining a cons tan t  input  vo l t -  

age t o  t h e  main o s c i l l a t o r .  When t h e  input  vo l tage  is  j u s t  
s l i g h t l y  belo* high l i n e ,  t h e  r egu la to r  m u s t  supply only a 

smail  vo l tage  t o  t h e  boost o s c i l l a t o r ,  This high r a t i o  

be tween input  and output  vo l tage  combined wi th  a low output  

vo l tage  (causing high percentage l o s s e s  i n  t h e  commutating 

diode) is a v e r y  i n e f f i c i e n t  mode f o r  a p u l s e  width r egu la to r .  

I n  add i t ion ,  
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However, under t h i s  condi t ion o n l y  a very s m a l l  amount of the 

t o t a l  power of t h e  u n i t  i s  being suppl ied  through t h e  boost  
c i r c u i t .  As t h e  input  vol tage drops and an increas ingly  l a r g e r  

percentage of power is suppl ied b y  t h e  boost  c i r c u i t ,  the v o l t -  

age  d i f f e rence  between input and output  of t h e  r egu la to r  drops 

and t h e  output  voltage of the  r egu la to r  rises thus  increas ing  
t h e  e f f i c i e n c y  of the boost c i r c u i t .  A t  minimum input l i n e  

vol tage ,  t h e  r egu la to r  series e l emen t  is  designed t o  be  always 

'bd' elminat ing t h e  switching and commutating diode l o s s e s .  Thus, 
a s  more and more power i s  requi red  from t h e  boost  c i r c u i t ,  it 
becomes more e f f i c i e n t  i n  i t s  opera t ion .  This approach appears 
t o  have many advantages. I n  add i t ion  t o  favorable  e f f i c i e n c y  
over t h e  entire input  vol tage range, it allows load  cu r ren t  

sens ing  i n  t h e  a c  secondary windings of t h e  power transformer 

and c u r r e n t  feed back i n  both t h e  main power and boost  o s c i l l a -  

tors. The p r i n c i p a l  disadvantage t o  t h i s  approach is  t h a t  t h e  

best poss ib l e  e f f i c i e n c y  a t  high input  vo l tage  is not  a t t a i n e d .  

Due t o  t h e  f a c t  t h a t  t h e  input vo l tage  is  maintained cons tan t  

t o  the main o s c i l l a t o r  b y  means of a conventional boost  c i r c u i t ,  

t h e  power t o  t h e  main o s c i l l a t o r  m u s t  always flow through one 

diode. The input  c i r c u i t r y  i s  a s  shown below: 

CR1 

INPUT TO 
SECONDARY MAIN osc, 
WINDING 
FROM 

1 
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C R 2  is requi red  t o  prevent t h e  sho r t ing  of t h e  boost winding 
when it i s  opera t ive .  A t  h igh l i n e ,  t h e  input  cu r ren t  t o  the  

main o s c i l l a t o r  m u s t  flow through CR2. Below high l i n e ,  t h e  

inpu t  cu r ren t  flows a l t e r n a t e l y  through CR1 and CR3.  

t i o n  of a 1 v o l t  drop across  a s i l i c o n  diode would r e s u l t  i n  
a 1 /21  o r  approximately 5% los s  a t  t h i s  po in t .  I n  add i t ion ,  
p a r t  of the power from t h e  boost  c i r c u i t  comes through t h e  

commutating diode i n  t h e  r egu la to r .  

Assump- 

5. This approach is very s i m i l i a r  t o  approach 4 .  The only d i f f e r -  

ence is t h a t  t h e  boost power is added i n  an a c  mode on t h e  

secondary windings of the main power transformer r a t h e r  than  on 

t h e  dc input  l i n e .  The c i r c u i t  used i s  a s  shown below. 

TRANS . l-L-1 
Windiyigs 1-2 and 
4-5 a r e  on boost 
o s c i l l a t o r  
transformer.  
Windings 2-3 and 
3-4 a r e  on main 
power transformer.  

The c i r c u i t  is designed so t h a t  when t h e  input  vo l tage  i s  a t  

i t s  m a x i m z m ,  t h e  main o s c i l l s t o r  w i l l  supply t h e  f ~ l l  eQtpg t  

power. Under t h i s  condi t ion,  t h e  boost o s c i l l a t o r  and pu l se  

width r egu la to r  consume an  extremely small  amount of power. 

-11- 



A s  t h e  input  vo l t age  drops, t h e  boos t  o s c i l l a t o r  adds v o l t -  
age t o  t h e  output  of t h e  main o s c i l l a t o r .  Again, t h e  boos t  

c i r c u i t  i nc reases  i n  e f f i c i e n c y  a s  t h e  percentage of t o t a l  

power it d e l i v e r s  increases .  The boost  c i r c u i t  maintains  

a coarse  r egu la t ed  vol tage (23%) t o  t h e  input  of the series 

r egu la to r .  

The diodes t h a t  are already i n  t h e  secondary windings a r e  

used t o  prevent  s h o r t i n g  of t h e  windings, The power flows 

only through one p a i r  of diodes a t  a t i m e .  When the boost  

o s c i l l a t o r  i s  adding vol tage  a t  t h e  secondary windings, no 

c u r r e n t  is flowing through thL diodes i n  t h e  main PWR 

o s c i l l a t o r .  In  t h i s  connection, t h e  power from t h e  input  

l i n e  t o  t h e  input  of the series r e q u l a t o r  must flow through 
one diode only. I n  approach 4, t h e  power had t o  flow 

through a m i n i m u m  of 2 diodes and, when t h e  boost  c i r c u i t  

was ope ra t ive ,  pa r t  of it had t o  flow through 3 diodes ( in- 
c luding  t h e  commutating diode i n  t h e  r e g u l a t o r ) .  This approach 

permi ts  f o r  c u r r e n t  feed  back, load  c u r r e n t  sens ing  i n  t h e  ac 

l i n e s ,  minimum p o s s i b l e  diode l o s s e s ,  and maximum e f f i c i e n c y  

a t  high input  vo l tage .  I t  was t h e r e a f t e r  decided t o  d i r e c t  

t o t a l  e f f o r t  t o  a comprehensive s tudy of t h i s  c i r c u i t .  

I n  t h e  above d iscuss ions  c u r r e n t  feed back was nent ioned a s  

a d i s t i n c t  advantage i n  those  approaches t h a t  allowed it, 
Before commencing wi th  a d e t a i l e d  d iscuss ion  of approach 5 ,  

t h a t  was chosen, t h e  advantages of a c u r r e n t  feed back o s c i l l -  

a t o r  should be emphasized. 

Current  feed back simply means t h a t  t h e  primary winding of 

a c u r r e n t  t ransformer i s  p laced  i n  t h e  c o l l e c t o r  c i r c u i t  of 

t h e  switching t r a n s i s t o r 5 .  The secondary is connected base- 

to -emi t te r .  The base  dr ive  c iur ren t  i s  always a f ixed  per-  

centage of t h e  c o l l e c t o r  cu r ren t .  Using only one t ransformer ,  

t h e  base  d r i v e  i s  automatical ly  r egu la t ed  f o r  t h e  i d e a l  va lue  

-12- 
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over input vo l tage  and load v a r i a t i o n s .  Even when t h e  bases  

a r e  driven from a regula ted  vol tage  source,  t h e  r egu la t ion  is 
only e f f e c t i v e  i n  cance l l ing  v a r i a t i o n s  i n  t h e  base d r i v e  due 

t o  input  vo l tage  changes. The base d r i v e  s t i l l  does not c o r r e c t  

f o r  changes i n  load. This l a t t e r  po in t  i s  extremely s i g n i f i c a n t  
when using high speed t r a n s i s t o r s  i n  t h e  o s c i l l a t o r s .  Even 

though t h e  switching speed of these  t r a n s i s t o r s  is less than 

O.l$s, t h e  s to rage  t i m e  can be  a s  high as 5 t o  6 1 ~ ~ .  The t o t a l  

t i m e  it t akes  t o  c l e a r  the base region of s t o r e d  charge is  a 

func t ion  of how hard t h e  t r a n s i s t o r  i s  overdriven i n  t h e  "on" 
condi t ion.  With a f ixed  base dr ive ,  independent of load 

c u r r e n t ,  t h e  overdrive a t  a low load is very high. I n  some cases ,  

t h e  base c u r r e n t  might be a s  much a s  t h e  c o l l e c t o r  cu r ren t .  

f i e  r e s u l t  is t h a t  unless  s p e c i a l  and r e l a t i v e l y  complex c i r c u i t -  
r y  i s  used i n  t h e  base dr ive c i r c u i t ,  t h a t  a t  t h e  t i h e  of switch- 

ing,  t h e  " o f f "  t r a n s i s t o r  w i l l  turn-on be fo re  t h e  "on" t r an -  

s i s t o r  turns-off .  During t h e  s to rage  t i m e  of t h e  "on" t r an -  

s i s t o r s ,  bo th  t r a n s i s t o r s  a r e  on. This r e s u l t s  i n  l a r g e  c u r r e n t  

sp ikes  being drawn from the  source and a very s i g n i f i c a n t  loss 
of power. I n  one such o s c i l l a t o r  t h a t  was ope ra t ing  a t  lOKC 
with  only moderately f a s t  t r a n s i s t o r s ,  t h e  no-load lo s s  was 

g r e a t e r  than t h e  t o t a l  losses f o r  10 wa t t s  of output  power. The 

explanat ion f o r  t h i s  is  t h a t  a s  t h e  load  w a s  increased t h e  over- 

d r i v e  on t h e  switching t r a n s i s t o r s  decreased s i n c e  t h e  base 

d r i v e  was f ixed  and t h e  switching l o s s e s ,  due t o  s to rage  t i m e ,  
decreased f a s t e r  than copper and t r a n s i s t o r  "on-time" losses 
increased.  During t h e  f i r s t  phase of  work on t h i s  p r o j e c t ,  

t h e  input  c u r r e n t  was observed on both types of o s c i l l a t o r s .  

Spikes a s  g r e a t  a s  25  times nominal w e r e  observed on t h e  v o l t -  

age feed back o s c i l l a t o r  whereas t h e  c u r r e n t  spikes on t h e  
c u r r e n t  feed back o s c i l l a t o r  were only about four  t i m e s  nominal. 

The savings i n  base dr ive  power due t o  lower drive a t  lower 

loads i s  much less than the savings i n  t h e  c o l l e c t o r  c i r c u i t  
due t o  t h e  avoidance of heavy overdr iv ing  bu t  power is a l s o  

saved here .  
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The reason t h a t  c u r r e n t  feed back is not used i n  a l l  convert-  

ers is t h a t  it requ i r e s  some f i x e d  m i n i m u m  value of load t o  

be on t h e  converter  a t  a l l  times. This r e s u l t s  from t h e  de- 

s i g n  of t h e  c u r r e n t  transformer.  The t u r n s  r a t i o  is f a i r l y  

high and is equal t o  t h e  e f f e c t i v e  Beta which d r ives  t h e  

switching t r a n s i s t o r s .  For example, t h i s  r a t i o  might be 
15 t o  1. Thus, only a few t u r n s  a r e  used on t h e  primary t o  
keep t h e  number of secondary t u r n s  reasonable.  For a core  
of given circumference,  t h e  magnetizing c u r r e n t  is inverse-  

l y  p ropor t iona l  t o  the number of primary t u r n s  and t h e  magnet- 

i z i n g  c u r r e n t  is high f o r  a cu r ren t  transformer wi th  only a 
few t u r n s  on t h e  primary winding. 

core  t o  allow f o r  more t u r n s  on both t h e  primary and secondary 
windings is not  a so lu t ion  since a l a r g e r  core ,  be ing  l a r g e r  

i n  circumference,  r equ i r e s  more primary t u r n s  t o  g ive  t h e  
same magnit iz ing c u r r e n t .  Using smal le r  w i r e  t o  g e t  m o r e  t u r n s  

o n ' t h e  same s i z e  core i s  a l s o  not  a s o l u t i o n  as  t h e  r e s i s t a n c e  

of t h e  windings becomes t o  l a rge .  Since t h e  primary of t h e  
t ransformer is i n  t h e  c o l l e c t o r  c i r c u i t ,  t h e  r e s i s t a n c e  must '  
be kept  very small .  The r e s u l t  is  t h a t  t h e  c u r r e n t  t r ans -  

former w i l l  have a f a i r l y  high magnetizing c u r r e n t .  No c u r -  
r e n t  w i l l  be fed  back v ia  t h e  secondary winding u n t i l  t h e  

c u r r e n t  i n  t h e  primary winding exceeds t h e  magnetizing c u r r e n t ,  

The c o l l e c t o r  c u r r e n t  should always be g r e a t e r  than  approx- 

imately f i v e  t i m e s  t h e  magnetizing c u r r e n t  of t h e  feed  back 

t ransformer.  O n e  way t o  avoid t h i s  is t o  have a small  amount 

of vo l t age  feed back t h a t  w i l l  keep t h e  o s c i l l a t o r  ope ra t ing  

a t  l i g h t  loads.  S i n c e  the  design s p e c i f i c a t i o n  f o r  t h i s  

p r o j e c t  s p e c i f i e s  a m i n i m u m  load,  c u r r e n t  feed  back is  poss- 

ib le  without any vol tage  feed back and is  t h e  optimum type 

of d r i v e  t h a t  can be used .  

Increas ing  t h e  s i z e  of t h e  
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Once t h e  b a s i c  approach w a s  decided upon, t h e  f i r s t  design 

t h a t  was t r i e d  is  a s  shown i n  Figure 6.  

T3 is  t h e  main power transformer.  T1  is  t h e  c u r r e n t  feed 
back transformer f o r  t he  main o s c i l l a t o r .  T2 is t h e  feed  

back transformer f o r  t h e  boost o s c i l l a t o r .  The secondary 

connections from t h e  two power t ransformers  a r e  f o r  one 

output  only,  Four such p a i r s  of secondary a r e  u s e d  for 
t h e  four  s epa ra t e  outputs .  The opera t ion  of t h e  c i r c u i t  
is as follows. See Figure 6. 

Upon a p p l i c a t i o n  of an input vol tage,  wi th in  t h e  s p e c i f i e d  

range, the s t a r t i n g  r e s i s t o r  R 1  causes e i t h e r q l  o r  Q2 t o  

t u r n  on. Regeneration through t h e  c u r r e n t  feed back t r ans -  

foriiiier t h e n  causes t h e  main o s c i l l a t o r  t o  begin o s c i l l a t i o n ,  
The switching a c t i o n  is i n i t i a t e d  by  t h e  s a t u r a t i o n  of T1. 

T 1  i s  designed t o  s a t u r a t e  and the  s a t u r a t i o n  t i m e  of T1  

determines t h e  frequency of t h e  main and boost  o s c i l l a t o r s .  

T2 does not  s a t u r a t e ,  D1, D2 and C 1  s e rve  t h r e e  purposes,  
F i r s t ,  t h e  diodes allow a high value r e s i s t o r  t o  be used f o r  

a s t a r t i n g  r e s i s t o r  s ince  t h e  diodes appear l i k e  an open 

c i r c u i t  t o  t h e  s t a r t i n g  r e s i s t o r  and no s t a r t i n g  c u r r e n t  is  

shunted through them. This minimizes t h e  l o s s  due t o  t h e  

s t a r t i n g  r e s i s t o r .  Second, t h e  capac i to r  provides  a negat ive 

t u r n  o f f  b i a s  during switching. S ince  e i t h e r  Q1 o r  42 is 

always on ,  t h e r e  i s  a dc cu r ren t  flow through D 1  and D2 and, 

hence,a dc vol tage  across  C1 is t h e  p o l a r i t y  shown. C 1  main- 

t a i n s  t h i s  vo l tage  during t h e  switching i n t e r v a l  and provides  

t h e  necessary negat ive t u r n  off  vol tage  through the respective 
secondary of t h e  sa tu ra t ed  c u r r e n t  t ransformer T l .  Third,  

t h i s  network prevents  a l a rge  unbalance i n  symmetry i n  t h e  

main o s c i l l a t o r  waveform. 

opera t ion  is  determined by t h e  s a t u r a t i o n  t ime of T1 for t h a t  
ha l f -cyc le .  This is t h e  reason why no r e s i s t o r s  a r e  used i n  t h e  

feedback c i r c u i t .  I f  resistors w e r e  used, t h e  vol tage  would 

The per iod  of each ha l f -cyc le  of 

I 
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rise ac ross  t h e  secondary w i n , i i n ~ s  of T 1  a s  increased  load- 
ing  would cause increased c u r r e n t  flow through t h e  base 

r e s i s t o r .  This would increase  t h e  frequency of o s c i l l a t i o n .  

With the frequency of o s c i l l a t i o n  a func t ion  of t h e  load,  

power t ransformer design opt imiza t ion  would be impossible,  
h igh  l o s s e s  being t h e  d i r e c t  r e s u l t .  I f  t h e  secondaries  
of T1  w e r e  connected d i r e c t l y  t o  t h e  base-emit ters  of Q1 and 

Q2, t h e  frequency would almost be cons tan t .  The base-emit ter  

vo l t age  would then  b e  t h e  frequency de te rn in ing  vol tage .  The 

base-emi t te r  vo l tage  changes very l i t t l e  with base  c u r r e n t  

once the t r a n s i s t o r  i s  drawing s i g n i f i c a n t  base c u r r e n t .  This 

connection was attempted. The problem encountered here was 

t h a t  s l i g h t  d i f f e rences  i n  t h e  base-emit ter  vo l t age  of t h e  
two switching t r a n s i s t o r s  (Ql and Q 2 )  caused t h e  waveform t o  
be asymetr ica l  wi th  respec t  t o  t i m e  s i n c e  T 1  s a t u r a t e d  i n  

d i f f e r e n t  t i m e  i n t e r v a l s  on each ha l f -cyc le .  This caused 

l a r g e  c u r r e n t  sp ikes  t o  be &awn b y  t h a t  t r a n s i s t o r  t h a t  was 

on s l i g h t l y  nore  than  50% of t h e  t i m e .  Diodes D 1  and D2 

added a vo l t age  drop, which is  almost independent of base  

c u r r e n t ,  and i s  common t o  bo th  ha l f -cyc les .  Thus, t h e  t o t a l  

drop ac ross  t h e  secondariesof T2 i s  increaseci. Fer  a f i xed  

vo l t age  d i f f e rence  between t h e  b a s e - e n i t t e r  vo l tages  of  Q 1  

and Q2,  t h e  percentage d i f f e r e n c e  ac ross  T 1  f o r  each h a l f -  
c y c l e  is  reduced and t h e  problem due t o  asymetry was essent- 

i a l l y  e l imina ted .  

Actual opera t ion  of t h e  c i r c u i t  was not very s a t i s f a c t o r y .  

The major problem with t h e  c i r c u i t  is t h a t  t h e  boos t  o s c i l l -  

a t o r  switches a s h o r t  t i m e  ( 3  t o  4 u s )  a f t e r  t h e  main  o s c i l l -  

a t o r  has  switched. This switching c i r c u i t  opera ted  i n  t h e  

fol lowing manner. T l  s a t u r a t e s  removing d r i v e  power from Q 1  

lor 9 2 ) .  Q1 remains on f o r  a t i m e  equal  t o  i t s  s to rage  t i m e .  
During t h i s  t i m e ,  s i n c e  Q1 is s t i l l  on, T2 i s  c o n t i n u a l l y  

supplying f u l l  base  dr ive  t o  Q3 ( o r  Q 4 ) .  When Q1 has b e e n  

dep le t ed  of base  charge,  it t u r n s  o f f  and t h e  main o s c i l l a t o r  
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begins  t o  switch.  Q3 does not t u r n  o f f  i m e d i a t e l y  a s  i t s  

base d r ive  is  renoved only when Q1 begins t o  t u r n  o f f .  

Tnus, t h e  boost o s c i l l a t o r  switching w i l l  follow t h e  main 

o s c i l l a t o r  b y  approximately t h e  s to rage  time of Q3. This 

s e r i o u s l y  a f f e c t s  t h e  switching a c t i o n  of t h e  main o s c i l l a t o r .  
The i n s t a n t  a f t e r  t h e  main o s c i l l a t o r  switches,  t h e  boos t  

o s c i l l a t o r  is out-of-phase wi th  t h e  main o s c i l l a t o r  i n s t e a d  
of in-phase s i n c e  it has not  switched y e t .  The t o t a l  secondary 

vol tage  ( t h e  a l g e b r a i c  sum of t h e  secondary vol tages  of t h e  

main and boost  o s c i l l a t o r s )  is thus  considerably less than 

t h e  output  vo l tage  which is maintained by  C 2  during switching. 

Thus, t h e  main o s c i l l a t o r  is  looking i n t o  an open c i r c u i t  
s i n c e  t h e  r e c t i f i c a t i o n  diodes a r e  reverse  biased.  A cu r ren t  

feedback o s c i l l a t o r  w i l l  not  func t ion  i n t o  an open c i r c u i t  

load. Therefore,  Q2 must  be turned  on by t h e  s t a r t i n g  r e s i s t o r  

a f t e r  t h e  boost  o s c i l l a t o r  has  switched. This " r e - s t a r t i n g "  

every ha l f -cyc le  caused considerable  r ing ing  i n  t h e  waveform 
and r e s u l t e d  i n  excessive switching losses .  In  an at tempt  t o  

c o r r e c t  t h i s  problem and minimize t h e  phase s h i f t  between t h e  
two o s c i l l a t o r s ,  t h e  following modif icat ion i s  c u r r e n t l y  being 

s tudied.  See Figure 7.  

T2 is a non-saturating one-to-one transformer.  T2 simply re- 
f lects  i n t o  t h e  secondaries of T1 t o  t h e  base-emit ter  of e i t h e r  
Q3 o r  Q4 i n  s e r i e s  with the  base-emit ter  of Q1 o r  Q2.  When T1 
s a t u r a t e s ,  t h e  d r i v e  cu r ren t  is simultaneously removed from Q 1  

and Q3 (or  Q2 and Q4).  Thus, t h e  s to rage  i n t e r v a l  occurs  a t  t h e  

s a m e  t i m e  f o r  both o s c i l l a t o r s .  A low impedance p a t h  i s  s t i l l  

a v a i l a b l e  t o  t u r n  o f f  t h e  switching t r a n s i s t o r s .  When T1 sa tu -  

r a t e s ,  it rep resen t s  a sho r t  c i r c u i t  back t o  t h e  nega t ive  end 

of C 1 .  Charge flowing out of t h e  base of Q1 m u s t  flow 

through t h e  primary of T2, This is  a low impedance s i n c e  t h e  

base-emitter of Q3 represents  a short c i r c u i t  on t h e  

secondary of T2 during t h e  pe r iod  of charge-storage immed- 

i a t e l y  p r i o r  t o  t u r n  o f f .  To t h e  ex ten t  t h a t  t h e  
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a 

coulomb s t o r a g e  i s  equal  i n  t h e  t w o  t r a n s i s t o r s ,  both t r an -  

s i s t o r s  would be tu rned  3ff w i t h  a s t rong  reverse base  c u r r e n t .  
This c i r c u i t  i s  s t i l l  undergoing i n v e s t i g a t i o n  but  has  a l r eady  

proved t o  be much better than the f i r s t  method. 

One of t h e  l a r g e s t  sources of loss i n  t h e  u n i t  i s  i n  convert-  

i n g  t h e  t r a n s f o m e r  AC output  t o  IX. I f  diodes a r e  used, t h e r e  

is no p o s s i b l e  way of avoiding t h e  l o s s  due t o  t h e  forward drop 
dur ing  conduction. Another very important source of l o s s  i n  

t h e  diodes is due t o  t h e  recovery t i m e .  I f  t h e  switching t i m e  
of t h e  o s c i l l a t o r  i s  appreciably f a s t e r  than t h e  recovery t i m e  

of t h e  diodes,and s i n c e  the  t u r n  on t i m e  of a diode is e s s e n t -  

i a l l y  instantaneous,both diodes w i l l  be on toge the r  f o r  a 

p e r i o d  of t i m e  equal  t o  the  recovery t i m e  immediately a f t e r  

t h e  o s c i l l a t o r  has  switched.During t h i s  pe r iod  of t ime,  t h e  
secondary winding is e s s e n t i a l l y  short  c i r c u i t e d ,  r e s u l t i n g  

i n  a power loss .  The e x t e n t  of t h e  problem was i l l u s t r a t e d  

by us ing  t w o  d i f f e r e n t  diodes i n  the s a m e  c i r c u i t .  The square 

wave t o  be r e c t i f i e d  had a rise t i m e  of 0 . 4 ~ s .  S i l i c o n  f a s t  

recovery diodes (Hughes HF9D) w e r e  f i r s t  used .  Afterward, t h e  

base -co l l ec to r  j unc t ions  of moderately f a s t  germanium power 

t r a n s i s t o r s  (Bendix 2N1653) w e r e  used a s  diodes.  The drop 

a c r o s s  t h e  s i l i c o n  diodes during conduction was 0 .9  v o l t s ,  

whi le  t h a t  of t h e  germanium diodes was 0 .4  v o l t s .  Contrary 

t o  expec ta t ion ,  t h e  r e c t i f i c a t i o n  losses w e r e  equal  i n  t h e  

t w o  ca ses .  Higher peak cu r ren t s  w e r e  drawn during switching 

w i t h  t h e  germanium diodes.  The change i n  lo s s  due t o  recovery 

t ime,  exceeded t h e  change i n  l o s s  due t o  forward drop. An 

ex tens ive  e f f o r t  has  been made t o  f i n d  a s u i t a b l e  t r a n s i s t o r  
t o  u s e  a s  a synchronous r e c t i f i e r .  The requirement f o r  t h i s  

t r a n s i s t o r  t h a t  e l imina te s  many a v a i l a b l e  t r a n s i s t o r s  i s  t h a t  

it m u s t  have a base-emit ter  back-voltage r a t i n g  s l i g h t l y  

g r e a t e r  than t w i c e  t h e  des i r ed  DC output  vo l tage .  This can be 

r e a d i l y  apprec i a t ed  when it is r e a l i z e d  t h a t ,  l i k e  a diode, t h e  

t r a n s i s t o r  must see t w i c e  t h e  output  vo l t age  i n  t h e  r e v e r s e  

d i r e c t i o n  when it is  i n  the  o f f  condi t ion .  For an NPN t r an -  
s i s t o r ,  t h e  vo l t ages  fo r  a 1 2  v o l t  ou tput  ac ross  t h e  off 
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t r a n s i s t o r  would be t h e  following: 

+24 

Base 
E m i t t e r  i /  

h Collector 
i 

If t h e  base i s  a t  a higher voltage(rnore p o s i t i v e )  than t h e  

c o l l e c t o r ,  t h e  transistor w i l l  opera te  i n  t h e  inver ted  mode 
and conduct cu r ren t  from erni t ter  t o  c o l l e c t o r .  The base m u s t  

be xore negat ive than the c o l l e c t o r  t o  in su re  t h a t  t h e  t ran-  
s i s t o r  is off. Since the c o l l e c t o r  i s  a l ready  more negat ive 

than t h e  e m i t t e r  by twice t h e  output  vo l tage ,  t h e  base must  
be more negat ive than the e m i t t e r  by s l i g h t l y  more than t w i c e  
t h e  output vol tage.  The only t r a n s i s t o r s  t h a t  could be found 

wi th  a Vebo r a t i n g  of 25 v o l t s  o r  g r e a t e r  were germaniun 

a l l o y  and slow s i l i c o n  t r a n s i s t o r  types.  The s l o w  speed of 

t h e  gerzianiun t r a n s i s t o r  (Phi lco type 2N571) would r equ i r e  

s p e c i a l  d r ive  c i r c u i t r y  t o  prevent  excessive l o s s e s  due t o  

long  recovery t i m e s .  The unGesi rab i l i ty  of qerraanium p l u s  

a d d i t i o n a l  complexity of t he  c i r c u i t r y  nakes t h i s  approach of 

ques t ionable  value.  The s i l i c o n  t r a n s i s t o r  t h a t  is being 

considered is type 2N1016. The problems with t h i s  type 

t r a n s i s t o r  a r e  the  high s a t u r a t i o n  r e s i s t a n c e ,  t h e  high base- 

emitter forward vol tage  and t h e  moderate Beta ' s .  

combine t o  g ive  almost no advantage over using diodes.  
s p e c i a l  d r ive  c i r c u i t r y  would be needed t o  conpensate for 

s l o w  speed. 

These problems 
Again, 

There is one o t h e r  p o s s i b i l i t y  for using t r a n s i s t o r s  for 
r e c t i f i c a t i o n .  S i n c e  the  t r a n s i s t o r s  s ee  only t h e  sa tu ra -  

t i o n  vol tage  i n  t h e  forward d i r e c t i o n ,  t h e  base-col lec tor  
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breakdown vol tage  ('cbo) need be o n l y  one o r  two v o l t s ,  
if a high frequency t r a n s i s t o r  could be found with a good in- 

ve r se  Beta ( g r e a t e r  than l o ) ,  t h e  t r a n s i s t o r  could be u s e d  i n  

t h e  inverse  connection. The high reverse  vol tage  would then 

appear across t h e  base-col lector  junc t ion  r a t h e r  than  t h e  base- 

emitter junct ion.  Another advantage t o  t h e  inverse  connection 
is t h a t  t h e  collector-emitter s a t u r a t i o n  vo l t age  is considerably 

smaller. However, a v a i l a b l e  h igh  frequency power t r a n s i s t o r s  
show Beta ' s  of one o r  two a t  t h e  desired c u r r e n t  l e v e l s  i n  t h e  

inverse  connection. A t  t h i s  t i m e ,  t h e r e  appears t o  be no s u i t -  
able s u b s t i t u t e  f o r  f a s t  recovery diodes f o r  r e c t i f i c a t i o n .  

Thus, 

B. Components , 

L i t t l e  work has  been done on t h e  s e l e c t i o n  of non-magnetic 

components. The power switching t r a n s i s t o r s  be ing  used i n  t h e  

s a t u r a b l e  co re  o s c i l l a t o r s  a r e  s i l i con-h igh  frequency pass iva t ed  

p l ana r ,  Minneapolis-Honeywell t y p e  2N2812,  L i t t l e  e f f i c i e n c y  is 

l o s t  i n  t h e  u s e  of s i l i c o n  t r a n s i s t o r s  f o r  switching a s  compared 

t o  germanium s i n c e  t h e  base d r i v e  vol tage  h a s  t o  be boosted 

anyway t o  e l imina te  asymetry i n  t h e  squarewave and t h e  sa tu ra -  

t i o n  resistance is low (about 0.04 ohms), Also, t h e  h igher  

frequency of  t h e s e  t r a n s i s t o r s  r e s u l t s  i n  lower switching los- 
ses than i n  a lower speed germanium t r a n s i s t o r .  It is EM'S 

understanding a t  t h i s  time t h a t  Minneapolis-Honeywell is 
c u r r e n t l y  developing a non-magnetic package f o r  t h i s  t r a n s i s t o r ,  

Power diodes w i l l  be of a f a s t  recovery type  such a s  Hughes 

HF9D o r  t h e  new Westinghouse 379 series. A l l  low l e v e l  

t r a n s i s t o r s  and diodes w i l l  be high frequency s i l i c o n  devices.  
L i t t l e  e f f o r t  has  been expended towards the s e l e c t i o n  of  

components o the r  than  semiconductors. 

III. PROPOSED PROGRAM FOR NE4XT RZPORTING PERIOD. 

The f i r s t  p a r t  of t h e  next pe r iod  w i l l  be expended i n  the 

completion of c i r c u i t r y  t o  proper ly  synchronize t h e  main and 

boost  o s c i l l a t o r s .  Subsequent t o  t h i s ,  t h e  c u r r e n t  l i m i t i n g  
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c i r c u i t r y  and output  series r e g u l a t o r s  w i l l  be designed. This  

w i l l  e s s e n t i a l l y  complete t h e  design except f o r  input  

f i l t e r i n g  cons idera t ions .  This work w i l l  probably require 
m o s t  of  t h e  succeeding per iods  of work. A t  t h e  completion 

of t h e  next  per iod ,  q u a n t i t a t i v e  r e s u l t s  can be determined 

and ref inements  can be accomplished. D u r i n g  the next  pe r iod ,  

e f f o r t  w i l l  be cont inued toward f ind ing  a t r a n s i s t o r  w h i c h  

i s  s u i t a b l e  f o r  u s e  as a synchronous r e c t i f i e r .  As it becomes 

known t h a t  c e r t a i n  components w i l l  d e f i n i t e l y  be used i n  the 

f i n a l  design,  prel iminary i n v e s t i g a t i o n  w i l l  begin t o  de t e r -  

mine what w i l l  be necessary t o  o b t a i n  t h e s e  components i n  a 
non-magnetic conf igura t ion .  
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